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The Tropical Tropopause Transi/on Layer (TTL) is a region of 
mixed tropospheric and stratospheric proper/es around the 
tropical tropopause 

A range of dynamical, chemical, and 
microphysical processes affect the TTL and 
stratospheric composi8on. 

TTL 
Height:  ~12km to 16 or 17 km 
Pressure: 200 hPa to 100 or 90 hPa 
Θ : 350K to 380K 



Why care about the TTL?  
1) radia4ve forcing by water vapor 

The surface radia4ve forcing due to water vapor equivalent to a 1K 
temperature change and constant rela4ve humidity. All sky‐top, 
clear‐bo]om  Soden et al., J. Climate, 21, 3504, 2008. 



Small changes in stratospheric humidity have been shown to 
have impacts on radia8ve forcing and climate comparable to 
increasing greenhouse gases [Solomon et al., Science, 2010]. 

2001‐2005 H2O vs 1996‐2000 H2O: –0.098 W/m2 

1996‐2005 CO2 increase: +0.26 W/m2 



There are mul4ple theories about how the 
moisture in the TTL is determined 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layer 
 ~1‐2x1011 kg/s 

air mass flux 
 ~1010 kg/s 



GeQleman et al., 2009 

Tropical tropopause temperature and stratospheric 
humidity are poorly represented in global models. 



Why care about the TTL?  
2) cloud radia4ve and transport proper4es 



Thin cirrus that occur with very high frequency in the 
TTL are important for the radia/on budget and 
humidity of the stratosphere.  

Yang et al., 2009 



Why care about the TTL?  
3) transport of short‐lived species to the 

stratosphere 

Dry air seems to enter the stratosphere over Indonesia 

Air pollu4on from Asia is entering the 
stratosphere in Asian monsoon an4cyclone 



Sonde data shows frequent supersatura4on 
over Costa Rica 

Selkirk et al. 2010 

TCSP  TC4 



Temperature anomalies above 15 km 
are driven by equatorial waves 

Selkirk et al. 2010 

TCSP 



Cloud par4cle sizing instruments may bias data by 
sha]ering. 2D‐S instrument minimizes sha]ering and 

detects ar4facts 
Jensen et al., ACPD 5321, 2009 



Aug 8. flight designed to compare 
instruments 



Instruments designed to reduce 
sha]ering show fewer small par4cles. 

Jensen et al., ACPD 5321, 2009 



In anvils ice numbers above 1 cm‐3 
only occurred 1.4% of the 4me 

Jensen et al., ACPD 5321, 2009 



For TC4 anvils, small par4cles contributed li]le 
to radia4ve hea4ng rates 

Jensen et al., ACPD 5321, 2009 



Flight Tracks for Aug. 6, 2007 
subvisible cirrus study 



TC4 observa4ons 
of a subvisible 
cirrus with 
ER‐2,WB‐57F 

S. Davis et al in press JGR, 
2010 



Subvisible cirrus 
proper4es indicate 
water removal can 
occur, define op4cal 

proper4es 
S. Davis, JGR in press, 2010 



July 25 flight for thin cirrus hea4ng 
rates 



Thin cirrus sampled by ER‐2 
A. Bucholtz et al, JGR, 2010 



Profile for obtaining hea4ng rate 
A. Bucholtz et al, JGR, 2010 



Hea4ng rate from measured IR flux versus 
pressure 

A. Bucholtz et al, JGR, 2010 



Hea4ng rate calculated from data agrees 
with measurements 

A. Bucholtz et al, JGR, 2010 



Wsummer=0.25±0.11 mm/s; tt=199 
days 
Wwinter=0.8±0.3 mm/s; tt=80 days 
CHCl3,CH2CL2,CH2Br2, tl=294,273,186 
days  at 18 km 



TC4 was first mission to  
fully implement in flight  
communica4ons and 
naviga4on with NASA 
Aircral using REVEAL and 
RTMM 



Pacific Atmospheric Composi/on, Cloud, and Climate Experiment (PAC3E) ‐ 
Guam phase 

•  Understanding TTL transport and cloud processes controlling the humidity of air 
entering the stratosphere 

•  Understanding the role of brominated species in controlling ozone 
concentra8ons in the TTL and lower stratosphere.  

An8cipated deployment period: January‐February 2012 

A NASA airborne field campaign focusing on atmospheric composi8on, clouds, 
chemistry, and climate over the western Pacific: 



Processes occurring in the Tropical Tropopause Layer (TTL) control the 
chemical composi/on and humidity of air entering the stratosphere.  

A range of dynamical, chemical, and 
microphysical processes affect the TTL and 
stratospheric composi8on. 



Small changes in stratospheric humidity have been shown to have impacts on 
radia8ve forcing and climate comparable to increasing greenhouse gases [Solomon 
et al., Science, 2010]. 

2001‐2005 H2O vs 1996‐2000 H2O: –0.098 W/m2 

1996‐2005 CO2 increase: +0.26 W/m2 



Thin cirrus that occur with very high frequency in the TTL are important for 
the radia/on budget and humidity of the stratosphere.  

Yang et al., 2009  GeQleman et al., 2010 



ARCTAS has revolu/onized our understanding of atmospheric bromine 

Eyring et al., 2009 

Prior to ARCTAS it was assumed “hotspots” in total column BrO were caused by the surface 
“bromine explosion”.  During ARCTAS, aircraa BrO correlated poorly with satellite BrO.  A new 
theory was put forth that many of the satellite “hotspots” are caused by BrO above the 
tropopause, for air compressed to high pressure by oragraphically forced, low al8tude tropopause.  
This theory hinges on the amount of bromine supplied to the stratosphere by VSL (very short lived) 
sources, which is not well known. 

PAC3E seeks to quan8fy the role of VSL source species on the bromine budget of the UT/LS and 
define concomitant effects on ozone. 

OMI BrO: Kurosu & Chance et al. 

Model: VSL Bry = 10 ppt 

BrO Model: Salawitch & Canty et al. 



The Boreal winter tropical western Pacific (accessible from Guam) is the region 
of the planet with the coldest tropopause temperatures and driest lower 
stratospheric air. 

MLS and CALIPSO measurement H2O, tracers, and clouds will be 
needed (in combina8on with the airborne measurements) to understand the 
transport and dehydra8on processes.  



1.  What are the physical mechanisms that control the humidity of the 
stratosphere? 

2.  What are the physical mechanisms that control long‐term changes in tropical 
upper tropospheric humidity? 

3.  What controls the forma/on and maintenance of thin cirrus in the Tropical 
Tropopause Layer and how does radia/ve hea/ng in these clouds affect transport 
through the TTL? 

4.  What is the role of VSL (very short lived) source species on the 
bromine budget of the UT/LS, and how is ozone affected by “excess bromine” in 
these regions of the atmosphere. 

Major Science Ques/ons: 



• H2O, CO, ozone, BrO, clouds

Models: CTMs, GCMs, microphysical models

Model error evaluation
Data assimilation

Diagnostic studies

Calibration and Validation
Retrieval development
Correlative information

Small scale structure and processes

PAC3E Field Campaign Strategy: Maximize the value of satellite data for 
improving models of atmospheric composition and climate



Gas Phase In Situ Priority
O3 , H2O, CO, CO2, NO 1
HCHO, H2O2, CH3OOH 1
NMHCs, OVOCs 1
OH/HO2/RO2 2
BrO 2
Halocarbons 2
CH4 2
NO2, NOy 2
HNO3, PANs, HO2NO2 2
HCN, CH3CN 2
SO2 2
N2O 3
HOBr, ClO, HOCl 3
RONO2 3
NH3 3
Organic Acids 3
Speciated Hg 3

ER‐2 Payload Priori8es: 1= required; 2 = desired; 3 = useful 

Aerosol and Cloud In Situ Priority
Aerosol number 1
Aerosol size distribution 1
Aerosol composition 2
Ice crystal size distribution (and phase) 1
Condensed Water Content 1
Ice crystal habit 1

Remote Sensing Priority
Aerosol and cloud extinction (nadir/
zenith)

1

Aerosol depolarization (nadir/zenith) 2
Solar and IR radiative fluxes (nadir/zenith) 1

Meteorology Priority
State, winds, etc. 1


























